INTRODUCTION
============

Child obesity is a global epidemics, constituting a risk factor for cardiovascular diseases, arterial hypertension, diabetes, hyperlipidemia and nonalcoholic fatty liver disease (NAFLD)^([@r01])^. Currently, the type of distribution of fat in the body, particularly the accumulation of visceral fat, is considered the most important factor for obesity, cardiovascular diseases, and metabolic syndromes^([@r02]-[@r04])^.

The visceral fat may be evaluated either by measurement of the waist^([@r05])^ or by means of imaging methods such as computed tomography (CT), magnetic resonance imaging (MRI) and ultrasonography (US)^([@r06])^. CT is the most utilized method, but it involves exposure to ionizing radiation besides its high cost. MRI, besides its high cost and low availability in Brazil, requires a long time for images acquisition, which represents a limitation in the assessment of children. US has shown to be a reliable and convenient method to quantify the visceral fat^([@r06],[@r07])^, in addition to its low cost, wide availability and easiness, making it ideal for assessing the pediatric population^([@r06],[@r07])^.

Suzuki et al.^([@r08])^ have estimated the distribution of visceral fat by means of US, measuring the thickness of the preperitoneal fat in correlation with the thickness of the subcutaneous fat, which was named abdominal wall fat index (AFI). Such authors have demonstrated a strong correlation of the AFI with the measurements of visceral fat distribution obtained by means of CT in adult individuals.

This is an observational, case-control study aimed at: 1) comparing the visceral, subcutaneous fat thicknesses and the AFI obtained by means of US, in obese and normoweight children; 2) correlating such measurements with the presence of NAFLD in obese children; 3) evaluating the role of preperitoneal fat (PF) and AFI as parameter to evaluate the presence of visceral fat and NAFLD in obese children.

MATERIALS AND METHODS
=====================

Study population
----------------

The present study population included 44 children with ages between 7 and 14, assisted at Hospital Infantil Joana de Gusmão (HIJG), Florianópolis, SC, Brazil. The case group included 22 obese children with body mass index (BMI) \> the 95th percentile on the National Center for Health Statistics BMI chart, and the control group included 22 normoweight children paired by age and sex.

The study was approved by the HIJG Committee for Ethics in Research under the number 029/2009.

Sonographic study
-----------------

The sonographic evaluations were performed with a Philips EnVisor apparatus with a convex, broadband 3.5- 7.0 MHz transducer and a linear, broadband 5.0-12.0 MHz transducer. The time gain compensation curve was adjusted in the neutral position and the general gain was calibrated in a way that fluid structures such as the gallbladder contents, inferior vena cava and aorta were presented anechoic. All the sonographic measurements were performed with no pressure on the transducer.

The following parameters were evaluated with basis on the arithmetic means of three measurements:

a\) Subcutaneous fat (S) - distance from the skin to the linea alba, measured on the hemi-sternal line, 1 cm above the umbilical scar, utilizing the linear transducer in a longitudinal section ([Figure 1](#f01){ref-type="fig"});

![Ultrasonography demonstrating measurement of the thickness of subcutaneous fat (S) and of preperitoneal fat (P).](rb-47-03-0149-g01){#f01}

b\) Preperitoneal fat (P) - distance from the linea alba to the anterior parietal peritoneum, measured on the hemisternal line, 1 cm above the umbilical scar, utilizing the linear transducer in a longitudinal section ([Figure 1](#f01){ref-type="fig"});

c\) Intraperitoneal fat (IPF) - was measured with the convex transducer in three ways, as follows: i) IPF 1 - distance between the anterior peritoneum and the anterior wall of the aorta measured on the hemi-sternal line, 1 cm above the umbilical scar, in an axial section ([Figure 2](#f02){ref-type="fig"}); ii) IPF 2- distance between the anterior parietal peritoneum and the posterior wall of the aorta measured on the hemi-sternal line, 1 cm above the umbilical scar, in an axial section ([Figure 2](#f02){ref-type="fig"}); iii) IPF 3 - thickness of the small omentum: distance between the posterior surface of the left liver lobe and the anterior wall of the aorta measured at the level of the emergence of the celiac trunk at the midline of the epigastric region on a longitudinal section ([Figure 3](#f03){ref-type="fig"});

![Ultrasonography demonstrating measurement of IPF 1 -- distance between the anterior parietal peritoneum and the anterior wall of the aorta, and IPF 2 -- distance between the anterior parietal peritoneum and the posterior wall of the aorta. AO, aorta.](rb-47-03-0149-g02){#f02}

![Ultrasonography demonstrating measurement of the distance between the posterior surface of the left liver lobe and the anterior wall of the aorta (IPF 3). TC, celiac trunk; AMS, superior mesenteric artery.](rb-47-03-0149-g03){#f03}

d\) Abdominal wall fat index (AFI) - was calculated by division of the largest measurement of the P (maximum P) by the smallest measurement of the S (minimum S) ([Figure 4](#f04){ref-type="fig"}).

![Ultrasonography demonstrating measurement of preperitoneal fat (maximum P) and of subcutaneous fat (minimum S).](rb-47-03-0149-g04){#f04}

At US, the following finding corresponded to presence of NAFLD: atypical increased echogenicity of the liver parenchyma as compared with the right renal parenchyma, with posterior ultrasound beam attenuation.

In order to rule out other causes of liver disease, the patients who presented with sonographic signs of liver steatosis had material collected for the following laboratory tests: serology for hepatitis A, B and C; protein electrophoresis; antinuclear factor; anti-smooth muscle antibody; serum ceruloplasmin and cooper; serum alpha 1 antitrypsin.

The Student\'s t test and the exact Fisher test were utilized in the statistical analysis, with a significance level corresponding to *p* \< 0.05.

RESULTS
=======

All the sonographic parameters presented great significance, highlighting the measurements of subcutaneous and visceral fat as the obese and non-obese groups were compared, as shown on [Table 1](#t01){ref-type="table"}.

###### 

Sonographic parameters for patients, cases group and control group, in the evaluation of visceral and subcutaneous fat in obese children.

              Cases (*n* = 22)   Controls (*n* = 22)                   
  ----------- ------------------ --------------------- --------------- -----------
  Steatosis   0.63               (± 0.95)              0               0.003
  S           2.98               (± 0.81)              1.23 (± 0.89)   \< 0.0001
  Minimum S   2.69               (± 0.77)              1.11 (± 0.78)   \< 0.0001
  Maximum S   3.18               (± 0.85)              1.33 (± 0.9)    \< 0.0001
  P           0.52               (± 0.29)              0.22 (± 0.13)   \< 0.0001
  Minimum P   0.45               (± 0.28)              0.19 (± 0.12)   0.0002
  Maximum P   0.58               (± 0.32)              0.25 (± 0.14)   \< 0.0001
  IPF 1       4.20               (± 1.39)              2.77 (± 0.63)   \< 0.0001
  IPF 2       5.12               (± 1.27)              3.86 (± 0.65)   0.0002
  IPF 3       1.70               (± 0.48)              1.01 (± 0.23)   \< 0.0001

SD, standard deviation; S, subcutaneous fat; P, preperitoneal fat; IPF, intraperitoneal fat.

NAFLD was found in eight (36.36%) children among obese patients, and in none of the control group. No alteration was observed at screening tests for other livers diseases in NAFLD patients.

Considering only the cases group (obese patients), a new outcome (either presence or absence of steatosis) was correlated with the sonographic measurements of visceral fat, SCT, and with the AFI, as shown on [Table 2](#t02){ref-type="table"}.

###### 

Sonographic parameters for obese patients (cases), comparing patients with and with NAFLD, in the evaluation of visceral and subcutaneous fat in obese children.

              With NAFLD (*n* = 8)   Without NAFLD (*n* = 14)    
  ----------- ---------------------- -------------------------- -----------
  S           3.37 (± 0.79)          2.76 (± 0.76)              0.09
  Minimum S   3.16 (± 0.81)          2.42 (± 0.63)              0.02
  Maximum S   3.64 (± 0.81)          2.91 (± 0.78)              0.05
  P           0.86 (± 0.22)          0.32 (± 0.06)              \< 0.0001
  Minimum P   0.78 (± 0.21)          0.27 (± 0.06)              \< 0.0001
  Maximum P   0.93 (± 0.23)          0.37 (± 0.07)              \< 0.0001
  IPF 1       4.97 (± 1.21)          3.72 (± 1.30)              0.04
  IPF 2       5.75 (± 0.92)          4.78 (± 1.33)              0.10
  IPF 3       1.87 (± 0.48)          1.61 (± 0.46)              0.22
  AFI         0.30 (± 0.07)          0.15 (±0.02)               \< 0.0001

NAFLD, non-alcoholic fatty liver disease; SD, standard deviation; S, subcutaneous fat; P, preperitoneal fat; IPF, intra-peritoneal fat; AFI, abdominal wall fat index.

The variables with greater statistical significance were PF and AFI, with a value corresponding to *p* \< 0.0001.

Considering the statistical significance of P, the sample strength was calculated taking into consideration that the standard deviation for the group of obese patients was 0.29 and 0.13 for the group of normoweight children, the difference between the means was 0.29, with a type 1 (alpha) error of 0.05, the sample strength was 99%.

DISCUSSION
==========

Indirect indicators of body composition are commonly utilized as substitute measurements to evaluate adiposity in adults and in children. The most common of such indicators include skinfolds, BMI, waist and hip circumference. The utilization of such indicators is based on the assumption that they are correlated with more direct adiposity measurements, such as visceral fat and SCT, but they cannot differentiate these two measurements^([@r09],[@r10])^. According to Camhi et al.^([@r09])^, the waist circumference and BMI may not be faithful parameters to measure intra-abdominal fat. Additionally, alterations of skinfold measurements are variable during the peak of growth and specifically in relation to the peak of growth velocity^([@r10])^. Therefore, the utilization of some imaging method is required for a more specific in relation to intra-abdominal fat.

Up until now, there are not much studies approaching methods for a rapid and precise evaluation of visceral fat in children. In a study developed by Mook-Kanamori et al.^([@r11])^, it was observed that CT may be replaced by US to determine measurements of intra-abdominal fat, and it is suggested that US is a valid method to measure PF and visceral fat in children for the purposes of epidemiological and clinical trials. In the present study, the authors observed statistical significance of intra-abdominal fat and SCT in relation to obesity, a result similar to those reported by Radominski et al.^([@r12])^, who have found correlations significantly positive with the BMI both in relation to intra-abdominal thickness and subcutaneous tissue thickness measured by US.

In the study developed by Hirooka et al.^([@r13])^, the fat volume was defined with basis on three measurements, as follows: a) distance between the internal surface of the abdominal muscle and the splenic vein; b) distance between the internal surface of the abdominal muscle and the posterior wall of the aorta, at the level of the umbilicus; c) thickness of the fat layer posterior to the right renal wall. In the present study, there was a similarity in relation to the statistical significance of the distance between the internal surface of the abdominal muscle and the posterior wall of the aorta (IPF 2), but neither the measurement of the distance between the posterior layer of fat and the right renal wall, nor the distance between the internal surface of the abdominal muscle and the splenic vein were measured, because the latter includes pancreatic measurements and the other involves retroperitoneal fat, regions where the accumulation of fat is not frequent in children. In order to replace such measurements, the authors measured the distance between the anterior peritoneum and the anterior wall of the aorta (IPF 1) and the distance between the posterior surface of the left liver lobe and the anterior wall of the aorta (IPF 3), considering that the latter evaluates the small omentum. In the study developed by Hirooka et al.^([@r13])^, like in the present study, it was observed a correlation between fat volume and BMI, and the patients who presented body weight loss also presented a reduction of the fat volume, both at CT and US. Thus, US also would be useful to evaluate the effectiveness of the therapy with diet and physical exercises.

In the present study, the visceral adiposity was evaluated in the measurements of IPF (IPF1, IPF2 and IPF3) and PF. In spite of being in the abdominal wall, the preperitoneal fat is considered as visceral, since it is covered by the peritoneum. Amongst all the measurements, the PF is most easily reproducible at US. On the other hand, the measurement of IPF is more difficult to be performed because it involves measurements related to the aorta and is more susceptible to the variation in the pressure of the transducer during the evaluation.

Liver biopsy, in spite of being the gold standard for the diagnosis of NAFLD, is an invasive and expensive method^([@r14])^. According to El-Koofy et al.^([@r15])^, ultrasonography has 100% sensitivity and specificity in the detection of NAFLD, thus it is a relevant and noninvasive method to evaluate liver steatosis. Other studies have investigated the use of CT and MRI in the evaluation of liver steatosis, but both methods are expensive and many times require sedation of the child, besides the exposure to radiation in the case of CT, which makes its utilization in the routine investigation of NAFLD in children unfeasible^([@r14],[@r16])^.

In the present study, US demonstrated the presence of steatosis only in the group of obese children and adolescents (36.36%), corroborating the significant association between obesity and NAFLD^([@r17]-[@r20])^.

Considering the high prevalence of NAFLD in obese children, the authors have compared the sonographic parameters among obese patients with and without NAFLD, observing a high statistical significance of the measurements of PF and AFI. It is important to note that the sample strength was calculated for PF (99%), demonstrating that, despite the small size of the sample, the association was highly significant.

The high statistical significance observed between NAFLD and visceral fat thickness is in agreement with other studies^([@r21],[@r22])^ which have obtained similar results, observing a high association between liver steatosis severity and accumulation of visceral fat at CT, independently of the BMI.

Based on the study developed by Suzuki et al.^([@r08])^ validating the AFI measured by US, other authors^([@r13],[@r23],[@r24])^ have demonstrated a high reproducibility of such method in the evaluation of visceral fat. Sogabe et al.^([@r25])^ have found similar results regarding the AFI at US, observing a greater propensity to liver dysfunction and liver steatosis in the population whose the maximum PF/minimum SCT ratio was ≥ 1. All the mentioned studies validating the AFI were developed with adult individuals.

Considering that all the sonographic data, PF inclusive, presented great significance, the authors believe that studies approaching PF and AFI are quite relevant, since the accumulation of fat is responsible for decrease in the glucose metabolism, lipid disorders and systemic arterial hypertension; thus it is considered a key factor in the development of metabolic syndrome^([@r26])^.

The knowledge acquired by means of the present study may be useful to guide the utilization of a new method of visceral fat evaluation and also to investigate sonographic parameters which change with the increase in BMI.

CONCLUSION
==========

Finally, both the visceral fat and subcutaneous fat thickness as well as the AFI measured by US have shown significantly positive correlation with the BMI, and the measurements of PF and AFI, with the presence of NAFLD in obese children. Because of its easiness, noninvasiveness and reproducibility, the measurements of PF and AFI are useful to evaluate the visceral fat and NAFLD in obese children.
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